Daytime light intensity affects physiological and behavioral functions of not only diurnal, but also nocturnal small mammals.
INTRODUCTION

RESULTS
Locomotor activity
Namaqua rock mouse
Micaelamys namaquensis displayed a robust daily locomotor activity rhythm in accordance with the light-dark cycle and all individuals were invariably nocturnal. The mean numbers of activity counts were significantly higher by night than by day (Table 1 ) and the percentages of nocturnal activity were similar across all ILCs (1 lux-ILC: 89.56%; 10 lux-ILC: 92.75%; 100 lux-ILC:
94.28%; 330 lux-ILC: 93.63%). The level of photophase illuminance had a significant effect on daily locomotor activity (F3,985=7.883, P<0.001) . The mean number of activity counts of the 1 lux-ILC (489.85 ± 30.34) differed significantly from that of the 10 lux-ILC (655.92 ± 40.76; F3,985=7.883, P<0.05) , the 100 lux-ILC value (584.75 ± 37.16; F3,985=7.883, P<0.05 ) and the 330 lux- ILC (716.87 ± 44.68; F3, 985=7.883, P<0.001 ; Fig. 1 ). Furthermore, a significant difference was obtained between mean number of activity counts of the 100 lux-ILC and the 330 lux-ILC (F3,985=7.883, P<0.05).
Four striped field mouse
Rhabdomys pumilio was overall less active compared to M. namaquensis and its locomotor activity rhythm appeared to be less robust. A high degree of inter-individual variation was observed in the daily activity patterns (Fig. A1) . Some mice were fundamentally crepuscular, some expressed activity intermittently throughout the 24 h day either with or without peaks around twilight, and yet others were mainly active during the photophase, but without any pronounced periods of activity around twilight. Consequently, the overall percentages of nocturnal activity (1 lux-ILC: 40.41%; 10 lux-ILC: 43.90%; 100 lux-ILC: 44.00%; 330 lux-ILC: 44.71%) were nearly equivalent to the percentages of diurnal activity. The mean number of activity counts were significantly higher during photophase than scotophase under all of the ILCs (Table 1 ). The level of photophase illuminance had an overall significant effect on locomotor activity (F3,941=2.759, P<0.05). The mean number of daily activity counts was lowest during exposure to the 10 lux-ILC (175.88 ± 11.83) and this value differed significantly from the highest value, which was obtained under the 330 lux-ILC (202.02 ±14.16; F3,477=2.283, P<0.05) .
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DISCUSSION
Micaelamys namaquensis is fundamentally nocturnal while R. pumilio is essentially diurnal, consequently the species' active phases coincide with different photoenvironments in their natural habitats. The present results suggest that the level of photophase illuminance plays a key role in regulating locomotor activity, urine production and melatonin expression in M. namaquensis and R. pumilio.
Daily rhythms in locomotor activity
Since the availability of environmental resources change in concurrence with changing levels of illumination and spectral dominant wavelength across the day, the temporal layout of locomotor activity of a species is vital. Several studies suggest that species hold unique thresholds to different qualities of lighting and that these reflect the environments they are adapted to (Tast et al., 2001; Zubidat et al., 2009 Zubidat et al., , 2010a Zubidat et al., , 2010b namaquensis and most individuals of R. pumilio had well defined daily locomotor activity rhythms. As expected, M. namaquensis consistently exhibited robust nocturnal activity, whereas a considerable amount of inter-individual variation marked the temporal expression of activity in R. pumilio. However, each individual retained its own characteristic locomotor activity rhythm across the range of ILCs. Under natural conditions, ambient illuminance levels vary considerably throughout the day and could reach approximately 110 000 lux during the brightest part of the day. Most small diurnal mammals refrain from being active during the middle of the day and often make use of pathways that run underneath vegetation cover, perhaps not only to escape the Journal of Experimental Biology • Advance article heat but also the bright levels of lighting. Although the photophase illuminance did not influence the timing of daily activity expression, it determined the overall amount thereof. This effect also appears to be more pronounced in M. namaquensis than in R. pumilio. During its active phase and in its natural environment, R. pumilio faces greater fluctuations in the photoenvironment than M. namaquensis. Not only do the lighting conditions change radically at dawn and dusk, when R. pumilio exerts most of its activity, but also at times such as when the mice move between their darker underground burrows or nests and the outside field throughout the day.
Therefore, R. pumilio's expressed capacity to tolerate a wide range of illuminances is an extension of its more diurnal lifestyle and serves to preserve the stability and thus the adaptive capacity of its photically entrained circadian rhythm of locomotor activity. In contrast, under natural circumstances M. namaquensis is exposed to a photoenvironment with smaller fluctuations while it is active by night; for example, the illuminance level during full moon nights only reaches approximately 2 lux (Vásquez, 1994) . This likely explains the greater sensitivity of M. namaquensis to the range of photophase illuminances used in the present study.
It also highlights that light exposure during the species' sleep phase could play an important role in regulating the extent to which animals are active at night. In humans, even low levels of light can be transmitted through closed eyelids. The spectral transmittance of light through the human eyelid is attenuated at short-wavelengths, i.e. the spectral region to which the circadian system is most sensitive (Bierman et al., 2011) and it is reasonable to assume that the same is true in the studied species. Interestingly, a relatively small increase from 1 lux to 10 lux, also a relatively dim ILC, yielded an amount of daily locomotor activity comparable to that obtained under the 330 lux-ILC. Therefore, the species was able to distinguish day from night under 1 lux of photophase lighting, but at this level of illuminance stimulation of the pathway resulting in the expression of activity was attenuated. A different correlation has previously been reported in another nocturnal species, the social vole (Microtus socialis), whereby the mean daily energy expenditure rates, which is an index of locomotor activity, decreased with increased photophase intensity (Bennett and Ruben, 1979; Zubidat et al., 2010a) . In Macaque monkeys, distinct differences in activity onset times were observed in bright compared to dim light (Takasu et al., 2002) . However, the bright light presented was an order of magnitude higher than in the current study (3500 lx) and the mice in the current study may also require higher light intensities for
